Objective: This study compares medical errors in pediatric trauma patients with and without chronic conditions. Methods: The 2009 Kids' Inpatient Database, which included 123,303 trauma discharges, was analyzed. Medical errors were identified by International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis codes. The medical error rates per 100 discharges and per 1000 hospital days were calculated and compared between inpatients with and without chronic conditions. Results: Pediatric trauma patients with chronic conditions experienced a higher medical error rate compared with patients without chronic conditions: 4.04 (95% confidence interval: 3.75-4.33) versus 1.07 (95% confidence interval: 0.98-1.16) per 100 discharges. The rate of medical error differed by type of chronic condition. After controlling for confounding factors, the presence of a chronic condition increased the adjusted odds ratio of medical error by 37% if one chronic condition existed (adjusted odds ratio: 1.37, 95% confidence interval: 1.21-1.5), and 69% if more than one chronic condition existed (adjusted odds ratio: 1.69, 95% confidence interval: 1.48-1.53). In the adjusted model, length of stay had the strongest association with medical error, but the adjusted odds ratio for chronic conditions and medical error remained significantly elevated even when accounting for the length of stay, suggesting that medical complexity has a role in medical error. Higher adjusted odds ratios were seen in other subgroups. Conclusion: Chronic conditions are associated with significantly higher rate of medical errors in pediatric trauma patients. Future research should evaluate interventions or guidelines for reducing the risk of medical errors in pediatric trauma patients with chronic conditions.
Introduction
A 2000 Institute of Medicine report indicated that medical errors are estimated to result in about between 44,000 and 98,000 preventable deaths and 1000,000 excess injuries each year in US hospitals. 1 Medical errors, though also common in adults, potentially have more serious consequences in children.
Pre-existing chronic conditions increase the complexity of medical care for pediatric patients, and a number of studies indicate that the proportion of children with chronic conditions is increasing. [2] [3] [4] [5] A recent study estimates that 43% of US children (32 million) currently have at least 1 of the 20 chronic health conditions assessed; this estimate increases to 54.1% when overweight, obesity, or being at risk for developmental delays are included. 6 It would not be surprising to see increasing numbers of pediatric trauma patients with chronic conditions. Traumatic injuries are the leading cause of death among children, and each year nonfatal injuries impact millions of children of all ages. 7 Our previous study showed that chronic conditions are associated with an increased rate of medical errors among pediatric inpatients, 5.3 per 100 discharges in children with chronic conditions and 1.3 in children without chronic conditions, 8 but the effect of chronic conditions on medical error in pediatric trauma patients has not been reported. Our recent study considered outcomes in hospitalized pediatric trauma patients; we found that compared with pediatric trauma patients without chronic conditions, those with chronic conditions had a longer average stay in the hospital, higher charges, and higher mortality. 9 It is important to examine the association between chronic conditions and medical errors among pediatric trauma patients because this subset of patients may be more likely to experience medical errors given these longer lengths of stay. 8 They may also require more complex care and have worse outcomes compared with pediatric trauma patients without chronic conditions. [9] [10] [11] This study aims to compare the rates of medical error in pediatric trauma patients with and without chronic conditions and to identify potential associated factors for medical errors in these patients. Understanding the relationship between chronic conditions and medical errors in pediatric trauma patients can help determine whether this subset of patients is a special group who might have higher proportions of medical errors.
Methods

Data source
This study used the 2009 Kids' Inpatient Database (KID). Sponsored by the Agency for Healthcare Research and Quality, the KID is a national dataset that is a part of the Healthcare Cost and Utilization Project (HCUP). It examines US children's usage of hospital services, outcomes, and expenditure information. Containing more than 100 clinical and non-clinical variables, the KID is a sample of pediatric discharges from community, non-rehabilitation hospitals in states that have agreed to participate in the HCUP.
At the time this study was performed, the 2009 KID was the most recently available dataset, and the 2009 sample has 3.4 million pediatric discharges from 4121 hospitals in 44 states. Included in the stratification variables are hospital geographic region (Northeast, Midwest, West, and South), hospital control (public, voluntary, and proprietary), hospital location (urban or rural), hospital teaching status (teaching or non-teaching), hospital bed size (small, medium, and large), and hospital type (children hospital, non-children hospital, and children's unit in general hospital). The sample is weighted to produce information about a national estimate of more than 7.3 million discharges.
Study ethical approval
Our study was reviewed by the Institutional Review Board at Nationwide Children's Hospital, and the study was exempted from the need for Institutional Review Board (IRB) approval. The KID datasets exclude data elements that could directly or indirectly identify individuals, hospitals, or states. In our final result tables, any table cell with a sample size less than 10 was suppressed to further protect the privacy of patients.
Definition of pediatric discharges and trauma
The definition of pediatric discharges in the 2009 KID is all discharges of patients 20 years of age or younger at the time of admission. We used the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) principal diagnosis code to determine whether or not the patient was a trauma patient. Using the National Trauma Data Standard Patient Inclusion Criteria, a trauma patient was defined as one who sustained a traumatic injury and had ICD-9-CM diagnosis codes 800-959, excluding late effects injury (905-909), superficial injuries (910-924), and foreign bodies (930-939). 12 
Definition of chronic condition
A chronic condition in KID was defined as a condition that lasts 12 months or longer and meets one or both of the following conditions: (1) the condition limited self-care, independent living, and social interactions or (2) the condition caused individuals to require continuous intervention with medical products, services, and special equipment. The identification of chronic conditions is based on ICD-9-CM diagnosis codes. In addition to the principal diagnosis code, the 2009 KID provides up to 24 secondary ICD-9-CM codes for each patient. For each ICD-9-CM diagnosis code in the KID, a "Chronic Condition Indicator" is provided to categorize the diagnosis as chronic or not chronic. For our trauma patients, we searched all secondary codes to determine whether or not the patient had a chronic condition, and to determine the number of chronic conditions. We excluded 262 discharges with injury/poisoning secondary diagnosis codes categorized as chronic, because we could not determine whether these diagnoses were pre-existing or the reason for the current hospitalization and the result of multiple disabling injuries.
Definition of medical errors
Using the approach of similar studies by Slonim et al. 10 and by Ahuja et al., 8 medical errors were identified using several specific ICD-9-CM codes for hospital-reported iatrogenic medical errors. Our study included ICD-9-CM codes 996-999 (complications of surgical and medical care) and code 995.2 (unspecified adverse effect of drug medicinal and biological substance). For each KID discharge, we searched through all 24 secondary diagnosis codes. A discharge with a hospital-reported medical error was defined as any discharge that had at least one of the ICD-9-CM codes mentioned previously.
Determination of injury severity
We used the New Injury Severity Score (NISS) to measure the severity of the initial injuries. The NISS has been shown to be more predictive of outcomes than the Injury Severity Score, particularly for moderate to severe injuries. 13 The NISS uses ICD-9-CM codes to assign a severity score ranging from 1 to 75, with 75 being the most severe. The NISS is computed as a sum of the squares of the three most severe injuries.
Statistical analyses
We used SAS 9.3 (SAS Institute, Cary, NC) to account for the multi-stage sampling of the 2009 KID dataset. The data were weighted and adjusted accordingly to represent all pediatric trauma hospitalizations in the United States based on information provided by the 2009 KID. The following KID variables were included in the analyses: age, gender, race, median household income, patient residence, injury intent, NISS, health insurance status, length of stay (LOS), discharge status, and hospital characteristics (type, location, teaching status, size, and region).
The rates of medical error per 100 pediatric trauma discharges were calculated for patients with and without chronic conditions by type of chronic condition and by patient and hospital stay characteristics. The 95% confidence intervals (95% CIs) for the rates of medical errors were compared between pediatric patients with and without chronic conditions to see whether the difference between the two groups was statistically significant. Odds ratios (ORs) and 95% CIs were calculated by fitting univariate and multivariable logistic regression models with medical error as response variable and the number of chronic conditions, age group, gender, race, income, residence, insurance coverage, injury intent, NISS, LOS, and hospital characteristics as independent variables.
The rates of medical errors per 100 discharges and per 1000 hospital days were plotted against the total number of chronic conditions associated with each discharge record. The rate of medical errors per 1000 hospital days takes into account patients' hospital exposure times.
Results
We included 123,303 pediatric trauma patients from among the 3.41 million discharges in the 2009 KID sample (after excluding 262 cases with injury as the chronic condition). There were 2552 discharges with medical errors in the sample producing a national estimate of 3720 US pediatric trauma patient discharges with medical errors (Table 1) . The national estimate of pediatric trauma discharges with medical errors that also had medical conditions is 2436. Overall, pediatric trauma patients with chronic conditions had a significantly higher rate of medical errors than those without chronic conditions, 4.04 per 100 discharges (95% CI: 3.75-4.33) versus 1.07 per 100 discharges (95% CI: 0.98-1.16). Table 2 shows the rates of medical errors by type of chronic conditions. The rate of medical error is highest for chronic conditions grouped in the "Other" category (11.45 per 100 discharges); these conditions each represent <1% of the total reported chronic conditions (data not shown). The next highest medical error rates are seen in the categories of diseases of blood and blood-forming organs (10.88 per 100 discharges), diseases of the circulatory system (9.91 per 100 discharges), and endocrine, nutritional, metabolic diseases, and immunity disorders (9.37 per 100 discharges).
For all of the patient discharge variables shown in Table  3 , patients with chronic conditions had higher rates of medical errors compared with their counterparts without chronic conditions.
The number of chronic conditions, age, gender, injury intent, LOS, hospital urban/rural location, and hospital region remained significant variables in the multivariable model ( Table 4 ). The odds of experiencing medical errors also significantly increased with increasing numbers of chronic conditions. The association between medical errors and LOS was the strongest factor even after controlling for confounding variables, with a stay of 15+ days having OR = 67.78 (95% CI: 55.86-82.25).
The rate of medical errors increased with increasing number of chronic conditions in 2009 KID trauma patients (Figure 1) . The rates of medical errors per 100 discharges and per 1000 hospital days were highest for patients with five or more chronic conditions. While the rate per 1000 hospital days remained fairly consistent with more than two chronic conditions, the rate per 100 discharges continued to steadily increase up to five or more chronic conditions.
Discussion
Our results provide evidence that pediatric trauma patients with chronic conditions experienced a higher medical error rate compared with patients without chronic conditions: 4.04 versus 1.07 per 100 discharges. After controlling for potential confounding factors, the presence of a chronic condition increased the odds of medical error by 37% if one chronic condition existed and 69% if more than one chronic condition existed. Additionally, higher adjusted odds ratios (AORs) were seen for males, for older pediatric age groups, for those with intentional injury, for those with longer lengths of stay, and for rural hospitals and for those hospitals in the West. In the adjusted model, LOS had the strongest relationship with medical error, but the AOR for chronic conditions and medical error remained significantly elevated even when accounting for the LOS, suggesting that medical complexity has a role in medical error. The rates of medical errors differed by type of chronic condition. Moreover, we found that the rates of medical error per 100 discharges and per 1000 hospital days increased with increasing numbers of chronic conditions. However, the medical error rate per 1000 hospital stay days seems to indicate that the average number of medical errors remains fairly consistent with the presence of more than two chronic conditions, indicating the stronger association of LOS with medical error.
Our previous study in a general pediatric inpatient population established that medical errors are associated with chronic conditions, 8 and this holds true in this study specifically looking at pediatric trauma patients. Other authors have suggested that children might be more at risk in emergent situations. 14, 15 This was not seen in this study of pediatric trauma patients; they did not have higher rates of medical patients using the same dataset. It is also important to note that the KID sample includes only those trauma patients who were hospitalized. In both studies, the AORs of medical error increased with increasing numbers of chronic conditions and the AORs were of a similar magnitude. Pediatric trauma patients differed from all pediatric inpatients in that they had a lower rate of errors categorized as "Complications Peculiar to Certain Specified Procedures." Included in this category are mechanical complications and infections related to devices, implants, and grafts, including transplanted organs and reattached body parts. In pediatric trauma patients in this study, the medical error rate in this category was 0.88 per 100 discharges. In the study which included all pediatric inpatients, the error rate in this category was 3.0 per 100 discharges. 8 Consistent with past studies, 8, 10, 16 our study also found that male patients were at significantly higher odds of experiencing medical errors compared with their female counterparts, even when controlling for confounding factors. Prior studies have suggested that immune responses to trauma are gender dimorphic and that sex steroids may influence maintenance of immune functions following injury. [17] [18] [19] 
Implications
This study highlights two of the five concepts necessary to address medical errors: transparency and care integration. 20 Transparency is perhaps the most important in attribute in creating a culture of safety in healthcare. [20] [21] [22] Leape et al. 20 list chronic disease care and complex acute care as areas where integrated care has the potential to impact patient safety. Future research should consider care integration approaches and medical error prevention for pediatric trauma care for patients with chronic conditions.
Study limitations
Limitations of our study need to be considered when interpreting our study results. First, voluntary reporting of medical errors may only detect a portion of medical errors in hospitals. A survey of pediatric physicians and nurses suggests that medical errors are significantly underreported, particularly by physicians. 23 Second, the conditions have a range of severity and chronicity, and ICD-9-CM coding often does not capture this range of characteristics. Third, the Chronic Condition Indicator in the KID dataset labels conditions as chronic or nonchronic based only on the ICD-9-CM code; therefore, some non-injury diagnoses may be the result of the traumatic injury rather than being pre-existing conditions. Fourth, ICD-9-CM codes may underestimate the problem of medical errors because coding practices can vary among medical records coders. At present, however, ICD-9-CM codes are the best available tool for examining medical errors in large administrative databases. 16 Finally, it is not possible to determine the direction of causality between medical errors and LOS using the KID, which is a cross-sectional dataset. In previous studies, medical errors 8 and LOS 2, 24 have each been shown to have a statistically significant association with the presence of chronic conditions. Possibly, the higher degree of care required by patients with chronic conditions and their increased likelihood for encountering medical errors may contribute to the difference seen in LOS between patients with and without chronic conditions. 11 Conversely, longer LOS can be seen in children with chronic conditions, which increases the exposure time for medical errors.
Conclusion
This is the first study to show significant associations between chronic conditions and medical errors in pediatric trauma patients using a nationally representative database. Our results show that the presence of chronic conditions was associated with more than triple the rate of medical errors in pediatric trauma patients with chronic conditions. Future research should develop and evaluate interventions or critical care guidelines for reducing risk of iatrogenic medical errors in pediatric trauma patients with chronic conditions.
